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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner vherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit vhich is to be 
lined, the greatest peripheral dimension of the liner being slichtly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, vhich is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictions! drag of the first- stage die supplies the 
expanding force for the second- stage die, vhich expanding force is a direct 
function of the strength, or vail thickness, of the conduit in vhich the 
liner is being installed. For example, in lining oil veil casing, heavy 
wall casing may cause a very high frictional force vhich results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed In veils 
deep In the ground, it 1g highly preferable that a tool be used which under no 
circumstances vill become stuck in the well or cause damage to the veil. Any 
such trouble occurring in a veil can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a vork piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention vill become apparent by 
reference to the folloving description of the invention. 

In accordance vith the present invention there is provided a con- 
stant force spring device vhich comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the tvo 
ends of said column at least one of said bearing plate members being longi- 
O tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follov- 
ing description and the accompanying drawings wherein: 
> Figures 1A, IB and 1C, taken together, constitute a partial cec- 

tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a veil, while 
Figure IB Illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 2U, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
Inside surfaces of the arms 22 and the outside surface of expanding member 2*f 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 2k which moves upwardly 
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until It contacts shoulder 26 provided on the shaft. As member 2k moves In a 
downwordly direction arms 22 fold Inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 26 
provided on the a haft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing, the 
first-stage die provides a gross deformation of the liner so that it Is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17- When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly Into the corrugated liner 14 and "iron out" 
the corrugations in the liner, bo that the expanded liner may contact the 
inside vaU of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force . The force exerted against the arm members being 
substantially constant, the force transmitted through the ana members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the casing or rupture of the casing la precluded. Of course, 
the force provided by the spring member is preselected so that the frictional 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 57 is slidably mounted on the shaft 
18 and held between the expanding element 2k and a cylindrical lower shoulder 
member 38 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member l8. The differential screw 
10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4 la and J* lb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 3d is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble hi. 
The shoulder 38 is secured to the shaft 18 by splines k$ so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bow springs kZ, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads lBa, e.g. right- 
hand threads, and the pitch, or lead, of threads l8a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 
30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 Is in contact with the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the columne and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 36 as a 
result of revolving differential screv element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
vhich the ends of the columns are inserted. These grooves may^be shaped to 
conform vlth the s/iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. Ohe ends of the stops may moe tovard, or avay 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
However, the spacing betveen the ends is Buch as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43- Various alternative means for prevent- 
ing damage to the column element may also be employed. Por example, pine or 
rings mounted on the shaft may serve as stops, or the cover 48 provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/ or lateral deflection of columne. 

The columns of the column element 43 may be arranged around the 
shaft 18, vhich as shovn here forms a portion of the body of the spring 
device, vith ends of the columne fitted in the races 47. Ttoe columne may be 



736288 



Tltted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed vill aepend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded enas, free to move within 
the races shaped to the curvatu: e of the column ends. ;<aterials which may be 
satisfactorily employed for the column.- are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper baae alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thu 6; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft Id. 

For example, a group of columns 0.167-inch thick by 0. 438-inch wide 
oy 10.626-inches long, with the ends rounded, were fabricated from A. I. S.I 
WO steel, quenched and drawn at 575°F. Each column was found to require a 
20 critical compression loading of 450 pounds in order to buckle the column. 

After buckling, the columns vere found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the snap* 
of this spring characteristic curve is described by curve OA 'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are n P t anticipated, a working stress just below the 
30 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construc- 
tion, m the above-mentioned tests, the lateral deflection was limited to 
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epproximately one inch, et which the longitudinal deflection was approximately 
0.225 inches. From zero deflection to the maximum deflection, the U50-pouad 
loading was found to be substantially constant. 

In another teBt a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 12?0 pounds. The lateral 
deflection was limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon congressional loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0k inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pound 6. 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. Tne friction member k2 engages with the 
wall of the casing and prevents thimble kl from revolving. With several 
revolutions of the tubing, lower shoulder 38 is mo^d upwardly by differential 
screw 39 to buckle spring element 37 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 2k, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the ; arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 

The foregoing description of a preferred embodiment of my invention 
has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

1. A device for expanding a metallic liner inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner -forming member 
frorc said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner-forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pivotable outwardly therefrom to * 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 
constant force. 

3. The device of Claim 2 wherein said constant force spring memb er 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to limit the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for maintaining a lateral deflection in said columns. 
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k ' The device of Claim 3 vherein said compression means comprises 

2 a differential screw connecting said spring member and said shaft. 

1 5. The device of Claim 3 vherein said stop means comprises a 

2 sleeve-like element connected to said movable bearing plate member and 

3 slidably positioned on said shaft and a member connected to said shaft to 
^ limit the travel of said sleeve -like element, 

1 6. The device of Claim 3 wherein said columns have a rectangular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

1 7- A device for installing an expanded metallic liner in a conduit 

which comprises a cylindrical shaft element; an expanding die member mounted 

3 on said shaft, said die member comprising a plurality of arm members disposed 
circumferential^ around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said ana members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed circumferential^ about 

9 said shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 
12 

13 
Ik 

15 
16 
17 
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and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said arm members to urge said arm members 



18 outwardly with a substantially constant force. 
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ftocuco ot a* itmetb, or ~U thidb»ou, ot o» cnotait U *ic* u» 
iiKr 1* bW*i l— tollafl Jtor unpin. In Olnint aU vtll emtio* 
g> mU — 1« Ml «BJM • mij Htfl zn*tl*ml Ctxo* *1A nn&te 1ft 
I.imiih Vodim »*ArU So r*fc U» BB«te> «ltom0V Hoar. She 
^U^w or t*» fnrt fbc«M aiqvlnl *r ffUJLt In rtp»«w or B» annta* 
oc In inoorm *x> imbuing tod. In h i timh i*uw» "*» anoornnl. 
UMiu or «m in oono*nt U-^U-rt *-un»ijntoA, too nMU 

1b« tor*** » tat* io« tool ta Imom ocaok to %te «a*D«b <n> ottervlM 
, to «b fMJni end tho tool, la olfctar «ato «o iftoxo 

njq «rraj»«0At l» i^iIii 1 1 i* •ccMirtdoc Mlt> tn« «nonL- 
ttttp lit, i*rtp«i dUflcnltio* «» tnowB*«»«i In cb**iniAi ■ J»arlac 
ttOMaliM terln* H» AMlMd rtrwftfc In w n VHiW n n Vitn On oto -pn** 
50 ehu«crto«l«un>, «1 ^Ith tl» tOOi ««nl«t IWlto «11 nX tt» 

oonhdt nftnr t*Ui pwnM «»«n^ 
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tuwo toaU of too \7V* oootioma •'tow of to* ft** oojtoyol 1* *oU» 
too* «*» 41 !• M*ly profoaobl* U*t a tool to aoof *h*» nan no 

i ii— ■tain u -rill tesoM •tat* la fcbo aoll uCOM 4m|i to too m&x. Any 
t la ft Mil «po rwrmXX. J 



(TOO* C****»0 t» ■ 

Am o¥>ot <rf to» aroooot iooootlco la a fcrrto* rw «wlyis« ■ «»- 
•Wt too* i* aa a^attttas «!• or attar olallar wa^wio* a* tott o yro- 

i 1* mmm oatioo* a »o** toottor oajoofc ia aa 

a Mr •^nin-f aatoULe Uaara la a ostodS 1 
L ata ayalx •» paato* -ton » pro 



tau< lartalUl la to. oOOtoHY. Mill avtttt oajoot of tfao »■ « 

accawaoo} «* aoallr MrlnUi aoaatnrt faro* Mrtn* oooiat. * ftottor 
oV>c* 1. a roooo* <-y-*v<*wo>o oapaaaUf tool oap\OJto« warn • • ff rin« 
Arris** Vkm aai otter cajoot* of too isnstloa riU teoooo -peora* V 
rofarooco to too rouaaa* <U*orf»u«* *r tto UmHon. 

» »ito tto pr*»»t to»**tn» taoro to prowtaad a «»~ 



•lMfit ftdjaaot »*U to^y aaator, bwrUf *iau aaofcaro owiMUl ta* too 
oe4* at tolA colvw •* IMM (M <rf aald v«*jrUkg plot* ■cp^ot* **J«« la|L- 

fiO . tuuatlly imVi 1» roojoot af to* otoa* ana rtopaooat o« todr ""tor 
to Halt to. toftottioa of aold aalwa ftiojo rt to Ji**^ a*«oaont dofto**^ 
^Upgr««u «1— M a»a* too avlla«ti«a of * to- 
taoMto. & aw orftottaoo* of to* tow a oUoo , too fbravlaa mm— • ttoaa 
«ri»t tooito 1* aalay— li a tool * or ■ ■ o ntlna 0 aullic 11— r tool* 
a toMolt, ami* oaartoa* Wroo ajrlaa dW- todag y a alUa ool oa aaU tool 
to«m«i -joatilia tio ***— r ***** too 11 oar ton* lartollM U to* 
moAolt ay o mtot— tUlly caoaloax roroo. 

to- laMUta «U to tootor — i* r*1no<l V « tto follow 

lac oaoerut&ou — d to* *«w-**ayt 

30 Tlfaroo tt, U and 1C, * 

tteool no« ol o pwotoro ft aotoOlo 



% oonvUtoto o partial aoo- 
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TJ«i» 2 km • miUmmI -Uw ftX xi» ftj>s»r*ta» ot Jixu* U tttofi «t 

riKu* J l* » typiool »tot or a»lu4 tott wm< q»u«ciuk rw 
to* coo»to*t *«»••* oprlM. *rriw of «- LmmmIoo. 

Ssfwrlu *> to* Amrlaa, Flpuft U u tto tottco portly or 4 
lto*r ■7*«"-| tool Ar MU lOftftLLUoj • mVIUo umx id • veil, *UU 
T\t*r+ 1ft Lt lM U toc» tf* -IftU* ooetlo* o* wob » tool ud ngm 20 m*v- 
Wtl tto **or mH1» oT tM tool. Ito o^riUW toftl U 1ft •toft** to 
•toOftftrt wU toBUf U IV M^tiai U 4C*» V^*W* M7 >• loMrto from too 
oarTMo tkroo** o «U oftfttof (ooi fttooiO U> ft jotot la Vw o~»W «t «tneb it 
I* iwinl to lootoU o Mtolllo liar. looftrltof too tost Iftlo U» 

wU| n ftloo^t*) foruemilj omkM llM 1» ftirtoitoS Cto olid otool, 
or rtlwr *»lto»to moom ■rferUU. «■ jd*c*4 on tto tool- «w»#»t*a 
liaar is ooooMd i* jodtdjon *y oftfttotft ftt it* typor oto nth a cjlioirjovl 
•toaJ*-- moW 16 Ml, ot tto lowor cofl to cootoot «lto ft Mr»t-»U*j o*t*oft~ 
l^tti IT UUo fom of * VOMvnd drouUz oono «t»*o mctm ** « fl¥*t- 
rtaov ooKo&Ut 41 o U too mov omiMftv tooorttoft. *m ««p*»diag dto U 
flieodlT ft»**"tod to o ooatioUj loftfttoo, ftlaoffttoft «r)JMrlcol toUew iboft 
•Mah fOTM ft oartloa of too V*^ or too tool. to oto«« u» »xp«dln« ftto « 



U tola 1ft plftof toto*«m'ft lovor ftbatU^or 19 »4 oaller n 1 
•toft. . A pWftlltj or wntiU onos 89, prwnwoMy provito* *i t* ontoftrdly 
pvtorM* portico* » mot toft top; oto «to?0ft*a la toft lorn ot i n»lito*r 
atom* toftft 16- Tftft onlmrioa portUM or m km *J wo* oovod oaV 



Uoor l«to m otojotootlally opUoariftftl ftbftpo. Tm ftM oM&oro H ftro ilftOtoUy 
o%todbol to tto ftftftft oo m to to oooftslft vdommrUj nam too tooTt oy ft wp*ro4 
t^tAfttof M^r 2t Ultoali poUUoood oa tto »toft to mth *■ ft ooaoOd'*tft«ft 
•TOoa&ar. Sm •orfoao of too —ot i r to, ft* ftbooa* sow* ojvftrtly ftloto tto 
*a»ft to •»«•«» vLto Hxmiuxl omft ttom oowftlj. MLtwtfttKmmlj, tto 
toftldo ftorfmoftft of tot fttok 82 ftnl tto oirUlto oojfftco of onoaftiog oomtor St 
two MUM ftftoUooft, t^aotUr ooto«PMl 1ft otopo. Ao osMMleo or xmm >» 
saater* U oootroltol V too pod""* of tto mmbtr » ttieh torn m>»uXj 



loiisioiioa 



htlp://palcntsl .ic.gc.ca/fcgi-bin/any2html 



00736288dis.afp Page 4 



Pagclofl 



uUt tt cwtevtc «te«iAnT G6 prorlOad cd V*5 efctTt. *• n»to* wow I* * 
dMnnHly dJiraUo" *r» SB* f*U lnoutl? V^r* tt» **nft. Ib> OTwitni 
um B2 an b»U lo no ttm abaft by coU«4 2T oofl tUnUr (jr«m> aO 

prartdnfi on tho shaft. 

ttm tq»U<« tool, Ofi^vUioft too 'l~U*t*«a dl* «4 Ufi 
tit* AU 1* Anon Ui^ u» lioor to or** U to oloa* u* to* omUh. 
ft«t-.Uo» 41* prtrtln* A fNtfft 4«f«mti«l 0* to. ^» *» U-t i* 
,, M ,IH ooMUr «»iMt to. tUl «f M» •-^*€- toio 
i nont < 



11s wU pr ouifli «n3 iffirt • n»Ld-utfst ml. 

<*«rotl«>, too Umt oottlon. tool li mh^W ot tM Mnf«ec t » 
difuiUUa **ot», • fiuc clcV> aofcurotod, nth • rvnoooo mmil to 

n»»4 Ltn «>rx\^t*4 Uft» to fn Urn llocr. too uwblj In lwtn« 
into too mil «S to» itatUfio si rtio* to* iton* to to to * uq*4, ««A 

«• ell, U than - oninr {Nuart *«« to* mill tnbtoc *ni fta* torwtfi 
tt* inrttj— r 1* ooliobod rod 51, tor©u*» »ort» »rtW« ♦fil- 

ter 55 ooppootol to to» «w*x ©* o» toooldcr *6- n<» to* •pyllwASoa or 
flrtft prerwr. to tt. *^ioto* ( ton PIH« H to poil-tod mlSluiH 

AO |o e/liodor J>. *• ** 36 oowdn polltol nJ>J.«a^t 

18 wr* I* no-*** too tmtnwun aepaaum. *i* it. *b** «- * 
m* %*owUj Utnafb too cyllodoc >3 too «ondtn 41* 17«*. »*ofloi. 
•to* dio tt t. *p*«4l7 into too OBrrogotod Uonr ll «* Il» o*»- 



to*ln* **11 of too ooiiif 1» tolto U Si tola* lMtnllod. to*ltSooo4 e* too 
obnft bOLotf cm cQcaUfef A U * etwrtnot toaoo ijffloc ntotr 37 

In •vtoy** to org. to* •i V oi4to« Mmtmt o«mln>t «* os«0fldiO4 w » «Vto • 
•rtotootlollr KOittot foro». UK rcac «*nto4 o*to*x too «x* ■wOix* tola* 
•KtatootloUY BoOotoo\ # too foroo ytm—txt* tfcr°i*» ton *im m«tor* to toe 
» um « i to too omntoo Tin to o*otoirt&oliy >oootaoft u»t oitow fU«Mm 
ot too tool io W» oMlng or ro»taro at too oofdox i« jtoolrfto*. W own, 
u» cteoo fiTNlM Vy to* aDrUs no«»< tt ] 
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/oral brcoooo the tool -Um Umt m! too »r»«u« «aortod if»t«it lb* 
lac MlaUlooi »l proMtmriood Mf» «>• oonot-ot ***** *PrtM 

Mfev tunni tU th. mUlt |MMN totwro- t*» UMT foxoH* M^U- O 
ttf 1*» *x». n II pwt «m* to S**rx&» U» *c*lxW i«rnimta« of t*. oto- 

Im ^ «MW M— POllOO, faOB^ W UM «M1A| QBf tO tOOl. 

B» i«ut«t Cm oortna 71 it tUo*** oouDto* « v» tort 

IB Ml kmia hUM too m^U« UMMt ttiali cyUoOrloftl lowr okoUo** 

MMtr VJ famm » portico »f * urtorostlol »tm u«m » % 
im IooUm m oorloj Mobor ?T 10 «»*ft H i *l' ' 

ifl Hter id mi tM ootrlfe vc ojooo inatnu umoA* 
in .Mtr 3ft ororiooa vltk throoi* 5*- toioUo 

oojfer U prorlao* Immi *U Mi *lb e» too arUla* tfc* i**la*, 
^.U^, u m# «ltA ttmli en *»• iMft aA U» .ko*U*r. B» two 
M te of TTiTiii ore um, roco «* imtii eo&lllol roan** or mm tinrcoA*, 
to vitMtMl »erj 11* loelo Ml U pitch o» th.1 etoolaor » I* -co— 

ayrtly ^ tfai etoXt IB «b*s tte 1* joooivol reletlt* to thlOM* «1. 

- jft 1* oooaro* t* <te ateffc ** V *»Um* *5 » not it Mo all** 



'"t*^WB ri )y. >nt it u eol rroc to xotvU oo t*o afaoft. Tiwiiy oneobol 
to too low Ml or too ttdoolo U fc trtetloo es>**r, each o* *~ *>ruvoi 
• m«x«aUeoUx eetuoved frlctio- »**, or otter nrt **rloi ftw rrloWCMity 
MMCiog.vlth to* leale* moll of UM aocdJUt to ocopw t 
toUUO «lt» IMOTt to tte *t»ft. rrofowUy, elrootlM • 

•MOV thTMJta 36* !• tb» M t*Ot Of tb«T «WTt ttDMU iM, 

ooei «ero*«o. Ml too pit*, or load, oT threat* 18*. U •u^tly creator t 
too* of ttmado 3flo, *1iatM»l*o»r*a* tela* etaa. to Mity. to %mm 

~ oioexl- i^uruom of tte *MTt «1»U^ to tho UdMlo o»m» 

atalter M-otr * to fri"»o» «pow* oUo^tXy od o mmnmIob 2om i- * 
oymrlly c* oprtai olMoat 37 to roc twcmag. rw • 

lLif.r«tl4l ««0 VU Ml* M flTO Ml CO-0*lf i0Aod./lOC» MOM. 

ttoMdo so o eoos^ opp*mlo»CeJ? 1.7-l«b cot-lo. dloootor ool tin Ml k^roi- 
twrtoro ttoMl*/**^ «T^* tojooao oo » itooWi* ojpraiMtoJj 
, dloootor. 
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Ooutmt forco rtri~* >t oo*ylMj» m**n •itooot *>» •*«»•- 

UftoMij wrtfrttH or • ylsiUtr o* «3«n«rUd •olmmt* **«V>**^ wot* 
Ifi. Ufcj«r X~7)»« rut* mVt la oootont vlth U- orti of %*» 

Maw Hi 1* •UtAii r*\nmc* or» ifl to u w »M * mm ft*©* of the 

UM U- Wrtk- —* at' «|Mda 
r 16 OtStMto «•« Uw M*» of tfaa «al— > tt* It HOW* 
«j-«>*3j olea* Vte aooft by lmtlMKmi nwH of lotl! MOtttoor » * 
TMlt «T r*»wut tUfwwU^ m*** oloonot 59. ar**t» W ofo i^ortooi 
U hoI or aw oMrta* «o form o» am nd • low 

10 ^ tM MM Of ttf «a— ■» lMMTtoi. MO Mi ttOJ-d to 

ooMtorm otto tto *M*o or to* eoLum me» U «*and. A wwf 48 b« 
ooplojo* 10 uelMto ferti^ otto- froo %*• »j^u* oocbooiio •** to proUot 



A mooi tor lioitW o» <Ufl»otioa of u» colw 1» roquirod. 

v twvti** in • tonolXpd oowtitioB., <»lUrt<«o of 
*U*« X00& tMKVto wmlA *M<n total fklluro cr rtfrtaro of **• 
eolwn*. 4b*r«*OT, * p*"" of tooa *o «l «$o no vrovUoa lor IWo F<zrpo-«. 
A* Mkmo, too ctco* no rtiUiT oaai«*« M tM tooxlox l« 
«ffeot OBMPTlOO «JPWT mm low 11*1 -Horo* ?0«lUon»& oo tfco Mmft *> 
B2 olloo IpafitsdUaUj' U^r*o». 9m oa*o too otopo at* lanrt, or »V 
tt» ivru« taster low vLktv 

I Aon >x to*»r unaUv 9ft ioa— ot o4 to fc>« «M«rt id. 
1 »4> l*«Auto limit ioa«lWllBol 

tj^POl or UM MMVilS »1*MI OOMM« O* «M0 Btff* tOS**** to pr«m* BOI-aaaot 
4*feMttloa of too oolaam tloot W. Moao »!Vjra*tl^o oot for ,r*W- 
lac oMMf* to tot ooJos UMit *l«> >• •moIojo*. *^ omplo, *io* or 
Tins. MOBMd <b MM oMrfv mm, •mrm w »«opo, ox tha oo^r W prorlteA »atfl 
ooMMOtwi. »t W ^q«d Mr CWt j«rpooc W ll«lt l«*lt«ii~V 
ftsd/ar ImUrkl OOfloctlMl of oolo». 
30 n» eolvnt of colan elt»Mot %3 o«gr Mi trroncMl orooM tt. 

.aoft lA, MMq>i M •*» M<™ 4 oortloo o* to. body of U» orla* 



■m«Oi «itA < 



* fiteoA *m to* rooMi ^T- 
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ncud clooaly to«r.lt»r a* abora, or «*gr t"< t(*rW arovnl U« mm, vttb aep*- 
ittan oMd totoocn u— w> aoiatolo tbo A~ir-* «j*M»g. 1H» ~*fc*j «f 
» ol »a*t a*>l^*d will *mw*f apoe o&laom ob*i*uW/laue» and too «wn»ii of 
oaaUonUoD. for «narjd», U» iXoadornaij rrtlo or tJa colian w; u <uim 
odW ■Ai^i* »«>od, n*t, fl*-a ar htootd. tt» K*r*T*ai 
, 1« « tfcla, «>.f**r <oian «1U> looaAaa ado, fw> to oo~ Uttll 
, oa*** to M» wmMrt or tbo oolan Houmolo mj to 



» rtool". 



K) *« fOnopkar Wmto, k^Uloi MfTor, tbo bit* OSolol oJton Md OttOT 0l*2*r 

**t*rL*l* oiotldiac MrmfoctCTT o» o >aa i i w I paoj^rtio*. tjrtooUr, tbo Wl- 
TLtoml oolaoo* *«• or la* ntWfaur qpooo^oo U on, t*o tUtb WW 

fr**t*r - VW LIUtawM, cn0 »crau#«l to tlwrt %hm wldar Xtoo Of V« u?lw&* 

U uml t» U* oioaoto? of ouoTU Bw, »tu> avrtLdost «3-#-***iea 
lopjlag, tte odlov* b»*lo, 4ol teso' abort too aaU Mritf tt» looH »o-*«t 
or iwrtli, o%***r4ijr oooy frw u- abaft IB- 

#br axaoofe. o free* of oal«o*« o.ltt-looa ttlA *y o.*58-lnt& vlfe 
by lQ.6g.loeb** lone, tfi* aaa* 7wrw*-rt, wt fatarlimt** froo 1.1. S.I 

*>*0 atael* opoaabed at* Armua at 575*f • oeJja*a «aa fcw«t to reqvlra o 

ft) crltdoal wtMioL i«*n-o or *50 powd* i. prfw to b«kk tfa» *om. 

. Att*r ftwj tb* wl-u vara font to b*»* » *«T «** «irii* *ai*cterf»« 
MO, M •towi«»l««r« J, ^»oroioP 0 l* tb.orl«aaX%a«ia-»lo^aa*aoii* 
0 iijiiaaaala iba to** too 6>n«cUo* at tfOLet ti* .Lraa* La the oxbtoa* flbaora 
Of tb* oalaom a~0Ot Mm ylola **** of tb* mtertol* ttoorotlotttj. •*■»* 
or tkio *prla« obOMotorlrtlc ourrt ll doearibofl bj «m Oo'bBO. AotoallJ, 
(Mi corn la toottBol "by t* 30 Aut V> frlotlon la la* myttm. km** 
roproaaat t^Loal «ma< llartta, <UoH, mt oooraa, -V k* accorOioi to 

Mo a«yltaa«loa fOi» *#*ah tba «prLn« l» damjaAOfl. For auzpla, abaiT a l*rt» 
pj ^bOf of floxUt « "* »t404tfatad, a »«« ^ 

}0 yltld poln© ba aaod, WMla nth » ftcai oo»Wr of flaawro*, tk* wmWn* 

■txoaa asy *a aald to la«« *ta» tfea ootarasea of to* a*t*rioJ etf •oootrae- 

Moo. lo tto akoa%-a*nUoa*S »**l«, tba Utn*> d*n*otloo waa l-taitad to 



i 



- Y 
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r» ..ottey Vtt » «pnnx 4o*o» «• loilt, •» -»Uxi*« » 

roW<> ^ htTiz* * crittml 3** of UB$G Ht«i 

0«n*vUA mm Ualtol wm« 0 ma i»ehM t* *piw^4*wu P**l- 

MMtMAUj m u «*rn»* K^tdU^i <* o.<* i«m 

• 0.15 * 



to ottaUi «r«ote«t ^ mla> lo««tko*l*#i a-O-rU- ft* tp*etU^ 



IB tbo <v»n«o* of tta. •bow oz*ftUn« tool tm wUU« « i*« 
id —11 m^m^ tte aofe«9 *ooi i* l»«oi Whi tbo o*ll «» m—ti*** i*ow> 



41 fr 

tar •fa»»U«* 38 U Mil »— ll V tiflVre-UU 



*, ad lta «rtw« U 1 

l^rc ptTopor^ua ta t)» critical twAlU* «• tr ^ rLs * 

taa^V^ffilr, U* -rr^* 4, f tool U Ura^ »• ^°*» *° 

It i» ttao C^la* In W» *-icrtb«a IpraaWforo. 

TM *ar«#iU* «o«*rtyti«» of * yMtf«md * «T lB»«*ttoa 

W r*i tko perpm oi «Dt^>liil«tlO"- It *U 1 

■^lflOB&loM it tfco teWU* of omtnetlo* wllX W 
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